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In the title compound, C22H15N3, the naphthyl ring system 
makes dihedral angles of 67.40 (2) and 59.80 (3)° with the 
pyridyl and phenyl rings, respectively. In the crystal, the 
molecules are connected via intermolecular N— H- ■ -N 
hydrogen bonds, forming a three-dimensional network. 

Related literature 

For the synthetic procedure, see: Mantri et al. (2008). For 
related structures, see: Mkhalid et al. (2006). For general 
background, see: Moreau et al. (1999). 




Experimental 

Crystal data 

C2 2 Hi 5 N 3 
M r = 321.37 



b = 17.284 (3) A 
c = 17.492 (4) A 
P = 98.26 (3)° 
V = 3530.2 (12) A 3 
Z = 8 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

Absorption correction: xfr scan 
(North eta!., 1968) 
7mi„ = 0.979, r maI = 0.993 

3367 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )} = 0.066 

wR(F 2 ) = 0.180 

S = 1.01 

3240 reflections 

208 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
li = 0.07 mm -1 
T = 293 K 

0.30 x 0.20 x 0.10 mm 



3240 independent reflections 
1717 reflections with / > 2a(I) 
R iM = 0.030 

3 standard reflections every 200 
reflections 
intensity decay: 1% 



1 restraint 

H-atom parameters constrained 
Ap max = 0.13 e A~ 3 
Ap mi „ = -0.13 e A~ 3 



D-H- -a 


D-H 


H-A 


D- ■ A 


D-H-A 


N2-H2A- ■ -Nl' 


0.86 


2.34 


3.180 (4) 


165 


N2-H2B---N3" 


0.86 


2.34 


3.138 (4) 


154 


Symmetry codes: (i) — x - 


\-l,y,-z- 


h|;(ii) -x + l,-y, 


-z + 1. 





Monoclinic, C2^c 
a = 11.799 (2) A 



Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1994); cell 
refinement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms & 
Wocadlo,1995); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); 
software used to prepare material for publication: SHELXTL. 

The authors thank the Center of Testing and Analysis, 
Nanjing University, for support. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BV2172). 
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Comment 

The title compound, (I), contains an amino group, which can react with different groups to prepare various function organic 
compounds. It is a kind of aromatic organic intermediate which can be used for many fields such as medicine. (Mantri, et 
al, 2008). Herein we report its crystal structure. The molecular structure of (I) is shown in Fig. 1, and the selected geometric 
parameters are given in Table 1. The bond lengths and angles are within normal ranges. The torsion angle between the 
naphthyl (C12— C21) and phenyl planes (CI to C6) is 67.40 (2)° and 59.80 (3)°, respectively. In the crystal of the title 
compound, (I) was connected together via N — H--N intermolecular hydrogen bonds to form a three dimensional network, 
which seems to be very effective in the stabilization of the crystal structure. 



The title compound, (I) was prepared by the literature method (Mantri, et al. , 2008). Malononitrile (20 mmol) was dissolved 
in EtOH (40 ml), added benzalaldehyde (20 mmol) followed by 2 drops of piperidine, the reaction mixture was refluxed for 1 
h. The precipitate formed upon cooling the reaction mixture to room temperature. The crude product was filtered, and it was 
pure enough to carry out the further reactions. To a solution of previously synthesized benzylidene malononitrile (3 mmol, 1 
equiv) in toluene was added l-(naphthalen-l-yl)ethanone (3 mmol, 1 equiv) and ammonium acetate (4.5 mmol, 1.5 equiv). 
The mixture was heated in a microwave at 120° for 1 h. The reaction mixture was purified by column chromatography using 
dichloromethane-methanol solvent system. Crystals suitable for X-ray analysis were obtained by dissolving (I) (0.5 g) in 
methanol (20 ml) and evaporating the solvent slowly at room temperature for about 7 d. 



All H atoms were positioned geometrically and constrained to ride on their parent atoms, with C — H = 0.93 A for aromatic 
H and 0. 86 A for N — H, respectively. The (7i S0 (H) = xlI e q(C), where x — 1 .2 for aromatic H, and x= 1.5 for other H. 



Experimental 



Refinement 



Figures 




Fig. 1. The molecular structure of (I), with the atom-numbering scheme. Displacement ellips- 
oids are drawn at the 50% probability level. 
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Fig. 2. A packing diagram for (I). N — H - N hydrogen bonds are shown by dashed lines. 



2-Amino-6-(naphthalen-1 -yl)-4-phenylpyridine-3-carbonitrile 

Crystal data 

C22H15N3 ^(000) = 1344 

M r = 321 .37 D x = 1 .209 Mg nT 3 

Monoclinic, C2/c Melting point: 438 K 

Hall symbol: -C 2yc Mo Ka radiation, X = 0.71073 A 

a = 1 1 .799 (2) A Cell parameters from 25 reflections 

b= 17.284 (3) A 6 = 9-12° 

c= 17.492 (4) A H = 0.07 mm" 1 

(3 = 98.26 (3)° 7=293K 

V= 3530.2 (12) A 3 Block, colorless 

Z=8 0.30 x 0.20 x 0.10 mm 



Data collection 

Enraf-Nonius CAD-4 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co/20 scans 

Absorption correction: v|/ scan 
(North etal, 1968) 
r min = 0.979, J max = 0.993 
3367 measured reflections 
3240 independent reflections 



1717 reflections with / > 2o(I) 
R int = 0.030 

©max — 25.4 , 0 m in — 2.1 

A = 0^14 
k = 0^20 
/ = -21^20 

3 standard reflections every 200 reflections 
intensity decay: 1% 



Refinement 



Refinement on F 
Least-squares matrix: full 



R[F 2 > 2a(F 2 )] = 0.066 



wR(F z ) = 0.180 

S= 1.01 

3240 reflections 
208 parameters 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = V[a 2 (F 0 2 ) + (0.050P) 2 + 3.8P] 
where P = (F 2 + 2 J F c 2 )/3 
(A/0) max < 0.001 

Ap max = 0.13 e A~ 3 
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1 restraint Ap min = -0. 13 e A 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *IJJ 

^iso ' ^eq 


Nl 


0.3542 (2) 


0.1427 (2) 


0.69970 (17) 


0.1156(13) 


CI 


0.0883 (3) 


0.0618(2) 


0.4510(2) 


0.1035 (13) 


H1B 


0.1191 


0.0169 


0.4749 


0.124* 


N2 


0.4951 (2) 


0.08860 (18) 


0.64401 (14) 


0.1002 (10) 


H2A 


0.5373 


0.0942 


0.6880 


0.120* 


H2B 


0.5231 


0.0682 


0.6060 


0.120* 


C2 


0.0113 (4) 


0.0532 (3) 


0.3842 (3) 


0.1361 (17) 


H2C 


-0.0090 


0.0049 


0.3630 


0.163* 


N3 


0.3832 (3) 


0.0285 (2) 


0.45458 (14) 


0.1147(13) 


C3 


-0.0341 (4) 


0.1219(4) 


0.3506 (3) 


0.1341 (17) 


H3A 


-0.0854 


0.1198 


0.3050 


0.161* 


C4 


-0.0050 (5) 


0.1915 (4) 


0.3830(3) 


0.1376 (17) 


H4A 


-0.0356 


0.2367 


0.3596 


0.165* 


C5 


0.0720 (4) 


0.1953 (3) 


0.4525 (3) 


0.1277(16) 


H5A 


0.0882 


0.2428 


0.4765 


0.153* 


C6 


0.1229 (3) 


0.1301 (3) 


0.4846 (2) 


0.0905 (11) 


C7 


0.2017(3) 


0.1324 (2) 


0.55800 (18) 


0.0783 (9) 


C8 


0.1731 (3) 


0.1668 (2) 


0.6244 (2) 


0.0958 (12) 


H8A 


0.1027 


0.1917 


0.6214 


0.115* 


C9 


0.2443 (3) 


0.1661 (3) 


0.6957 (2) 


0.1076 (13) 


CIO 


0.3872 (3) 


0.1114(2) 


0.63484 (18) 


0.0819(10) 


Cll 


0.3122 (3) 


0.10289 (18) 


0.56551 (16) 


0.0704 (8) 


C12 


0.2128 (3) 


0.1874 (3) 


0.7756 (3) 


0.1025 (13) 


C13 


0.1864 (3) 


0.2620 (3) 


0.7827 (2) 


0.0940 (12) 


C14 


0.1949 (4) 


0.3212(3) 


0.7187 (2) 


0.1173 (15) 


H14A 


0.2117 


0.3065 


0.6704 


0.141* 


C15 


0.1767 (4) 


0.3959 (3) 


0.7358 (3) 


0.115 


H15A 


0.1869 


0.4339 


0.6999 


0.138* 


C16 


0.1480 (4) 


0.4143 (3) 


0.7956 (3) 


0.114 


H16A 


0.1390 


0.4673 


0.8020 


0.137* 


C17 


0.1279 (3) 


0.3736 (2) 


0.8516(2) 


0.092 
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TT 1 "7 A 

HI / A 






0.8918 




A 1 1 A* 




do 


A \ ZAQ (1\ 

U. 1:546 (5 ) 


U.zy/U (I) 


0.8532 (2) 


A AC"7 A { A 1 \ 
U.U5/y (11) 




pin 


A 1 A Z 1 f1\ 

U.14DZ (i) 


A "> AC\Q f1\ 

U.Z4U6 (i) 


0.9156(3) 


A 1 1 TO A\ 
U.ll/6 (14) 




H19A 


0.1199 


0.2579 


0.9607 




0.135* 




C20 


0.1769(4) 


0.1602 (3) 


0.9057 (3) 


0.1198 (14) 




H20A 


0.1759 


0.1232 


0.9442 




0.144* 




C21 


0.2098 (4) 


0.1426 (3) 


0.8311 (3) 


0.1124 (14) 




H21A 


0.2313 


0.0916 


0.8237 




0.135* 




C22 


0.3531 (3) 


0.0621 (2) 


0.50320 (16) 


0.0783 (10) 




Atomic displacement parameters (A 2 ) 












U n 


U 22 


t/ 33 


U 12 


u 


u 


Nl 


0.0609 (18) 


0.192 (3) 


0.099 (2) 


-0.014 (2) 


U.UZ03 (lo) 


— U.Uo / (Z) 


CI 


0.109 (3) 


0.111 (3) 


0.077 (2) 


0.000 (2) 


U.U3 J (Z ) 


A AAQ fO\ 
U.UU3 (Z) 


N2 


0.0698 (19) 


0.171 (3) 


0.0560 (16) 


0.0290 (19) 


U.UU40 (13) 


A WfA (\ n\ 

U.UZZ4 (1 /) 


C2 


0.162 (5) 


0.141 (4) 


0.092 (3) 


-0.015 (4) 


U.UZO [J ) 


A ATA (X\ 

U.U3U {j ) 


N3 


0.134 (3) 


0.167 (3) 


0.0374 (15) 


0.083 (2) 


a aac i (\ f.\ 
U.UUM (lO) 


A A1 A 1 / 1 J ~J\ 

U.U141 (1 /) 


C3 


0.124(4) 


0.165 (5) 


0.099 (3) 


0.035 (4) 


U.U3Z (3 ) 


A AA*7 (A \ 

U.UU / (4) 


C4 


0.121 (4) 


0.136 (5) 


0.151 (5) 


0.008 (3) 


U.UUZ (4 ) 


A AT 1 (A\ 

U.U31 (4) 


C5 


0.103 (3) 


0.123 (4) 


0.150(4) 


0.016 (3) 


C\ C\C\A CX\ 
U.UU4 yj ) 


A A 1 C CX\ 

U.U 1 J yj ) 


C6 


0.067 (2) 


0.117(3) 


0.084 (2) 


0.024 (2) 


A AAA! /I Q\ 

U.UUU1 (lo) 


A AT (L f")~\ 

U.U30 (Z ) 


C7 


0.060 (2) 


0.102 (3) 


0.072 (2) 


0.0134(18) 


A AAQO (\ f\ 

U.UU3o (10) 


A AT7A (\ Q\ 

U.UZ /U (lo) 


C8 


0.074 (2) 


0.117 (3) 


0.094 (3) 


0.028 (2) 


A AAC 

U.UUD \L ) 


A A/1 A /">\ 

U.U4U yl ) 


C9 


0.084 (3) 


0.140 (4) 


0.101 (3) 


0.011 (2) 


A ATI 

U.UZ3 (Z ) 


A A/1 O 

— U.U4Z (3 ) 


CIO 


0.069 (2) 


0.114(3) 


0.0649 (19) 


0.007 (2) 


A A 1 £.C\ ( 1 C\ 

U.UlOV (ID) 


a Ann ( 1 n\ 
-U.UZZV (IV) 


Cll 


0.075 (2) 


0.081 (2) 


0.0555 (17) 


0.0086 (17) 


A A 1 A/1 / 1 A\ 

U.U1U4 (14) 


a Ain n c\ 
-U.U13Z (ID) 


C12 


0.080 (3) 


0.119 (4) 


0.105 (3) 


-0.004 (3) 


A AA£ /")\ 

U.UUo (Z) 


A AT O (1 \ 

— U.UZo (3) 


C13 


0.067 (2) 


0.119(3) 


0.092 (3) 


0.002 (2) 


U.UU30 (IV) 


a A/i t 
U.U4Z (3 ) 


C14 


0.112(3) 


0.154 (4) 


0.077 (3) 


0.022 (3) 


A A 1 (1 <")\ 

—U.UlO (Z ) 


a An cx\ 
— U.U3Z (3 ) 


C15 


0.115 


0.115 


0.115 


0.000 


U.UlO 


U.UUU 


C16 


0.114 


0.114 


0.114 


0.000 


U.U 1 0 


f\ f\f\f\ 
U.UUU 


C17 


0.092 


0.092 


0.092 


0.000 


0.013 


0.000 


C18 


0.0534 (19) 


0.123 (3) 


0.081 (2) 


0.0281 (19) 


-0.0125 (17) 


-0.038 (2) 


C19 


0.083 (3) 


0.151 (4) 


0.107 (3) 


-0.019(3) 


0.020 (2) 


-0.023 (3) 


C20 


0.114(3) 


0.131 (4) 


0.114(4) 


-0.032 (3) 


0.016(3) 


0.014(3) 


C21 


0.095 (3) 


0.133 (4) 


0.113 (4) 


-0.024 (3) 


0.026 (3) 


-0.028 (3) 


C22 


0.082 (2) 


0.120 (3) 


0.0287 (14) 


0.030 (2) 


-0.0034 (14) 


0.0008 (17) 



Geometric parameters (A, °) 



Nl— C9 


1.351 (4) 


C9— C12 


1.542 (5) 


Nl— C10 


1.363 (4) 


C10— Cll 


1.403 (4) 


CI— C6 


1.356 (5) 


Cll— C22 


1.439 (4) 


CI— C2 


1.382 (5) 


CI 2— C21 


1.247 (5) 


CI— H1B 


0.9300 


C12— C13 


1.337 (5) 


N2— C10 


1.320 (4) 


C13— C18 


1.435 (5) 


N2— H2A 


0.8600 


C13— C14 


1.532 (6) 


N2— H2B 


0.8600 


C14— C15 


1.349 (5) 
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PO pi 
CZ — C3 


1.3y/ (o) 


P 1 /I U1 /I A 

C14 — H14A 


A A1AA 
U.V3UU 


po inr 
CZ — HZC 


a mnn 
U.y3UU 


PK PU 

C 1 3 — C 1 o 


1 1 OA /C\ 

i.i oy (3) 


xn poo 

JN 3 — CZZ 


1 1 TO //1\ 

1 . 1 Zo (4) 


P 1 C U 1 C A 

C 1 3 — H 1 3A 


A A1AA 

u.y3uu 


PQ p A 

C3 — C4 


1 1 CI 

1.333 (0) 


p 1 r p 1 -7 
C 1 o — C 1 / 


1 ICC /c\ 

1.Z33 (3) 


pi in * 
C3 — H3A 


U.y3UU 


PU TT 1 £ A 

C 1 0 — H 1 OA 


A A1AA 

u.y3uu 


f^A ( ' ^ 

C4 — C3 


1 /I 1 A f£\ 

1.41U (o J 


pn P 1 O 

C 1 / — C 1 o 


1 AAA /C\ 

1 .444 (3 ) 


P/1 I I 1 A 

C4 — H4A 


A A1AA 

U.y3UU 


PH TT HA 

CI / — HI /A 


A A1AA 

u.y3uu 


C3 — Co 


1 1 CA /C\ 

1.33V (3) 


p i o pin 
Clo CIV 


1 /in /c\ 
1.4ZZ (3) 


PS HS A 
v J — run 


U.7JUU 


no r?n 

v 1 y v. Z.U 


1 4SQ (f\\ 

i .4J7 y\j f 


C6 — C7 


1.473 (5) 


C19 — H19A 


0.9300 


C7 — Cll 


1.389 (4) 


C20 — C21 


1 .446 (6) 


C7 — C8 


1.389 (4) 


C20 — H20A 


0.9300 


Cg — C9 


1.399 (5) 


C21 — H21A 


0.9300 


Cg — H8A 


0.9300 






CV — JN 1 — C1U 


11 1.Z> (3) 


pi r"i i n/i 
C/ — Cll — C10 


1 in 7 /i\ 
12U. / (i) 


p/l ni 

Co — CI — CZ 


1 tc /; / ,1 \ 

125. 0 (4) 


pi pi i ni 
C / — C 1 1 — C22 


111 A /*5\ 

121.4 (3) 


{ • A pi I]1D 

Co — C 1 — H 1 r> 


1 1 1.1 


pin p 1 1 pii 
C10 — Cll — C22 


I 1 "7 n /n 

II / .y (3) 


CZ — C 1 — rl 1 d 


1 1 "7 1 
1 1 1.1 


pn pn pii 
C21 — C12 — C13 


1 1/1 £ K\ 

ny.o (5) 


Pin \n in a 
C1U — JNZ — HZ A 


1 in n 
12U.U 


pi 1 ni pn 
C2 1 — C 1 2 — C9 


1 1/; c /c\ 
120.5 (5) 


pin \H i no 

C1U — JNZ — HZB 


12U.U 


p 1 1 p 1 1 pn 
C 1 3 — C 1 2 — C9 


1 1 1 n k\ 
113. y (5) 


II") A XTO I I "> D 

HZ A — JN Z — HZB 


1 1^ n 
12U.U 


P11 P11 PIO 

C12 — C13 — Clo 


111 A /C\ 

121.4 (5) 


pi pi pi 
CI — CZ — C3 


1 1 C /I //i \ 

115.4 (4) 


P11 PIT P 1 /I 

C12 — C13 — C14 


111 A {A \ 

1 11 A (4) 


pi p-> TTTP 

C 1 — CZ — HZ C 


122.3 


PIO P11 P 1 /I 

Clo — C13 — C14 


i i /; i //i\ 
11 0.1 (4) 


PI PO TJTP 

C3 — CZ — HZ C 


122. j 


P1C P 1 /I P11 

C15 — C14 — C13 


11// ( A\ 

11 0.0 (4) 


P/1 PI po 

C4 — C3 — CZ 


121.4 (4) 


P1C P 1 /I T_T 1 /I A 

C15 — C14 — H14A 


111 H 

121 . / 


P/l pQ III A 

C4 — C 3 — H 3 A 


ny.i 


pii n/ uid a 
C13 — C14 — H14A 


111 H 

121 . / 


PI pi ui A 

CZ — C3 — H 3 A 


iin 1 
ny.i 


P1/T P K P 1 /I 

ClO — C15 — C14 


111 o /c\ 

121.6 (5) 


PQ p /I PC 

C3 — C4 — C3 


1 1 (1 7 /C\ 

119. / pj 


P1/C PIC UK A 

C 1 0 — C 1 5 — ti 1 5 A 


1 1 n 1 

ny.i 


PI P/l O /I A 

C3 — C4 — H4A 


12U.2 


PI/1 P1C UK A 

C14 — C15 — H15A 


1 1 n 1 

ny.i 


PC P /] I I 1 A 

CD — C4 — H4A 


1 i/i i 
12U.2 


pic ru pn 
C 1 5 — C 1 0 — C 1 / 


1 1/1 1 /c\ 
13U.1 (5) 


( pC p/l 

Co — CD — C4 


i in "7 / ci 
12U. / (5) 


PK pi/; tt i /; a 
C 1 5 — C 1 0 — rl 1 OA 


1 1 A Q 

1 14. y 


{ • A PC I K A 

Co — CD — H3A 


1 1 n "7 
119. / 


pn pk t_t 1 /: a 
C 1 / — C 1 0 — H 1 OA 


1 1 a n 

1 14. y 


P/l PC T_JC A 

C4 — C J — H j A 


11/17 

ny. / 


pk pn pio 
ClO — CI / — C18 


1 1 n n //i\ 
liy.y (4) 


pi p/: pc 

CI — Co — C3 


1 1 n ft (A\ 
11 /.0 (4) 


pk pn T_rnA 
C 1 0 — C 1 / — H 1 / A 


1 in 1 
12U.1 


pi p/T P*7 

CI — Co — C/ 


111 n //i \ 
121.U (4) 


pin pn T_T 1 1 A 

C 1 8 — C 1 / — H 1 / A 


1 in 1 
12U.1 


PC P£ P*7 

Cj — Co — C / 


111 £. {A \ 

121.0 (4) 


pin pio pii 
C19 — C18 — C13 


1 1 n /; //i\ 
liy.O (4) 


P 1 1 P*7 PO 

CI 1 — C/ — Co 


11/1 C /1\ 

114.5 (3) 


pin pio pn 
Ciy — C18 — CI / 


1 1C C //I \ 

125.5 (4) 


PI 1 p-7 p/: 

CI 1 — C/ — Co 


1 11 /C 

122.0 (3) 


pii pio pn 
C 1 3 — C 1 8 — C 1 / 


11/11 / A\ 

114./ (4) 


PO P*7 P£ 

Co — C / — Co 


111 O /7\ 

122.5 (3) 


pio pin pin 
C 1 0 — C 1 9 — C2U 


1 1 / fl / A\ 

iio.y (4) 


P*7 PO PO 

C / — Co — cv 


111 7 /7\ 

123. / (J) 


pio pin T_rinA 
C18 — C19 — HiyA 


111 « 

121.5 


P*7 PO T_JO A 

C / — Co — Ho A 


1 1 O 1 

116.2 


pin pin T_rinA 
C2U — C 1 9 — H i y A 


111 z: 
121.5 


PA PQ TTO A 

CV — C o — H o A 


1 1 O 1 

116.2 


pi 1 pin pin 

C2 1 — C2U — c i y 


11/1/; //i\ 
1 14.0 (4) 


\i i pn PO 

N 1 — C9 — Co 


1 1/1 n /ll 

119.9 (3) 


P11 pin TTin a 
C2 1 — C20 — H20 A 


122.7 


Nl— C9— C12 


112.2(4) 


CI 9— C20— H20A 


122.7 


C8— C9— C12 


127.9 (3) 


CI 2— C21— C20 


127.8 (5) 


N2— CIO— Nl 


113.8(3) 


C12— C21— H21A 


116.1 


N2— CIO— Cll 


123.5 (3) 


C20— C21— H21A 


116.1 


Nl— CIO— Cll 


122.8 (3) 


N3— C22— Cll 


178.1 (4) 
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p/: p 1 pt pi 
C6 — C 1 — Cz — C i 


-0.8 (7) 


pi pt pi p/i 
C 1 — Cz — Ci — C4 


-1.1 (8) 


pt pi p/i pc 
Cz — Ci — C4 — C5 


Ci Q (Ci\ 

-0.5 (9) 


pi p/i pc p/: 
Ci — C4 — C5 — Co 


4.2 (8) 


pi pi p/: pc 
Cz — CI — Co — C5 


A 1 /"7\ 

4.3 (7) 


po pi P£ p~7 
Cz — CI — Co — C / 


1 11 0 (A \ 

1 / 1.1 (4) 


p/i pc P£ pi 
C4 — CD — Co — C 1 


-5.9 (7) 


p/i pc P£ p~7 
C4 — CD — Co — C / 


— 1 /o. / (4) 


p 1 p/: p~7 n i 
CI — Co — C/ — Cll 


OZ.Z {D) 


pc p/: p~7 n i 
CD — Co C / — C 1 1 


nc T (A \ 

— lZj.Z (4) 


pi p/: p~7 po 
CI — Co — C / — Co 


— 12U.2 (4) 


pc p/; p~7 po 
CD — Co — C / — Co 


DZ.3 (o) 


P1 1 p~7 po pn 
CI 1 — C / — Co — cy 


-5.7 (6) 


p/; p~7 po pn 
Co — C / — Co — CV 


1 H C C (A \ 

1 /o.o (4) 


pin v i pn ro 

ciu — jn i — cy — Co 


-7.9 (6) 


pin "\T1 pn pn 

ciu — jn i — cy — Clz 


1 Hf\ A / A\ 
1 10 A (4) 


f~*H ro pn XT1 

c / — Co — cy — JN 1 


1 1 "5 i"7\ 

11.3 (7) 


p-7 pn pn 

c / — Co — cy — c i z 


1 £ & H ( A\ 

loo. / (4) 


\T i pin \fn 

Cy — JN 1 — CIU — JNz 


1 "7Q H ( A\ 

— 1 /O. / (4) 


pn mi pin pi i 
cy — JN 1 — CIU — Cll 


-0. 1 (6) 


pc p-7 p 1 1 pin 
Co — C / — C 1 1 — C 1 u 


-2.5 (5) 


p/; p~7 P11 pi a 
Co — C / — C 1 1 — C 1 U 


1 *7C T (A \ 
1 /j.Z (4) 


pn P"7 P1 1 PT> 

Co — C7 — C 1 1 — C22 


176.9 (3) 


C6— C7— Cll— C22 


-5.4 (5) 


N2— CIO— Cll— C7 


-176.0 (3) 


Nl— CIO— Cll— C7 


5.5 (6) 


N2— CIO— Cll— C22 


4.7 (5) 


Nl— CIO— Cll— C22 


-173.8 (3) 



\n pn pit pti 
JN 1 — Cy — Clz — Czl 


£.A *7 f£\ 

— 04. / (o) 


po pn PIT pti 

Co — cy — c i z — cz i 


113. j (o) 


\ti pn pn pi i 

jn i — cy — Clz — Cl i 


1 1 c n ( a\ 
11-)./ (4) 


po pn pn pi i 
c o — cy — C 1 z — C 1 i 


—00.2 (o) 


PTI pn p|1 pin 

Czl — Clz — Cli — CIS 


U.z (o) 


pn pn pn pig 
cy — C 1 z — C 1 i — C 1 0 


i /y.y (3 ) 


PT1 pn P11 P1/1 
Czl — Clz — Cli — C14 


1 'VA A SA\ 

1 /0.4 (4 j 


po pn pn pn 
cy — C 1 z — C 1 i — C 1 4 


-3.9 (5) 


pn pn pn pk 
Clz — Cli — C14 — C15 


1 T3 1 (A \ 

— 1 15. 1 (4J 


pio pn pn pk 
Clo — Cli — C14 — C15 


2.7 (5) 


pn pn pn pu 
Cli — C14 — C15 — Clo 


-4.9 (7) 


pn pic pu pn 
C 14 — C 1 5 — C 1 0 — C 1 / 


1 A SQ\ 

-1.0 (8) 


pk pit pn pio 
C 1 5 — C 1 0 — C 1 / — C 1 6 


8.9 (8) 


pn pn pio pin 

ciz — ci3 — cio — ciy 


-3.5 (5) 


pn pn pio pin 
C14 — Cli — Clo — ciy 


—i /y.y (3) 


pn pn pio pn 
Clz — Cli — Clo — Cl / 


— 1 /V.O (3) 


pn pn pio pn 
C14 — Cli — Clo — Cl / 


4.U (4) 


pu p 1 ~7 pio pin 

cio — ci / — cio — ciy 


1 "7/1 <C 

1 /4.0 (4) 


pu pn pio pn 
Clo — Cl / — Clo — Cli 


Ci /z 

-9.6 (5) 


pn pio pin pin 
C 1 i — C 1 0 — c i y — CzU 


4.4 (5) 


pit pio pin pin 
C 1 / — C 1 0 — C i y — CzU 


—\ /y.y (3) 


PIO pin p^n pni 

C 1 o — C 1 y — C2U — C2 1 


-2.5 (5) 


C13— C12— C21— C20 


2.0 (7) 


C9— C12— C21— C20 


-177.7(4) 


C19— C20— C21— C12 


-0.8 (7) 


C7— Cll— C22— N3 


-68(11) 


CIO— Cll— C22— N3 


111(11) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

N2— H2A-N1 ; 0.86 2.34 3.180 (4) 165 

N2— H2B-N3" 0.86 2.34 3.138 (4) 154 

Symmetry codes: (i) -x+l,y, -z+3/2; (ii) -y, -z+l. 
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